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(57) Abstract 



A pharmaceutical compound of (I) in which m is 0, 1 or 2, n is 1 or 2, p is I or 2, q is 1 to 6, r is 0 or 1 to 3, R l is halo, Cj-4 
alky], nitrite, trifluoromethyl or Ci_4 alkoxy, R 2 and R 3 are each hydrogen or Cj_4 alkyl, R 4 is hydrogen, Ci-4 alkyl, optionally substituted 
phenyl or optionally substituted phenyl-O-4 alkyl, R 5 is C1-4 alkyl, Ci_4 alkoxy, carboxy, hydroxy, cyano, halo, trifluoromethyl, nitro or 
amino, and the dotted line represents an optional double bond; and salts and esters thereof. 
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l-((INDOLY AZACYCLOALKYL) ALKYL)-2,1, 3-BENZOTHIADIAZOLE 2,2-DIOXIDES EXHIBITING 5-HT2A RE- 
CEPTOR ACTIVITY 

This invention relates to novel compounds with 
pharmaceutical properties . 

It is well known that compounds active at serotonin 
receptors have potential in the treatment of disorders 
of the central nervous system and, for example, certain 
halo-substituted indole compounds having serotonin 
antagonist properties are disclosed in EP-A 0433149 and 
WO 98/31686. 

The compounds of the invention are of the following 
formula : 
15 

(R 1 ) m 




5 



10 



in which m is 0, 1 or 2 , n is 1 or 2 , p is 1 or 2 , 
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q is 1 to 6, r is 0 or 1 to 3, 

R 1 is halo, Ci_4 alkyl, nitrile, trif luoromethyl or Ci_4 
5 alkoxy, 

R 2 and R 3 are each hydrogen or Ci_4 alkyl, 

R4 is hydrogen, Ci_4 alkyl, optionally substituted 
10 phenyl or optionally substituted phenyl-Ci_4 alkyl, 

R5 is 

c l-4 alkyl, C^_4 alkoxy, carboxy, hydroxy, cyano, 
halo, trif luoromethyl , nitro or amino, and 

15 the dotted line represents an optional double bond; 

and salts and esters thereof. 

The compounds of the invention and their 
20 pharmaceutically acceptable salts and esters are 

indicated for use in the treatment of disorders of the 
central nervous system. 

A C]__4 alkyl group can be methyl, ethyl or propyl and 
25 can be branched or unbranched and includes isopropyl and 
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tert . butyl. A Ci_4 alkoxy group is one such alkyl 
group attached through oxygen to the ring. An 
optionally substituted phenyl-C;j__4 alkyl group is an 
optionally substituted phenyl attached through one such 
5 C;L_4 alkyl group, and is preferably optionally 

substituted phenyl- (CH2 ) x - where x is 1 or 2 , and most 
preferably optionally substituted benzyl. A halo 
substituent is preferably fluoro, chloro or bromo . 



10 An optionally substituted phenyl group is optionally 

substituted with one or more, preferably one to three, 
substitutents selected from, for example Ci_4 alkyl, 
C^_4 alkoxy, carboxy, hydroxy, cyano, halo, 
trif luoromethyl , nitro and amino. 

15 

It will be appreciated that when m is 2 the values of R 1 
need not be the same, when p is more than one, the 
recurring unit is not necessarily the same, and when r 
is 2 or 3 the values of R^ need not be the same. 

20 

A preferred group of compounds is one of formula (I) 
above, in which the dotted line represents a double 
bond, nis2, mislor2, and p is 1, R 2 and R 3 are 
both hydrogen, q is 2, R 3 is Ci_4 alkyl, and r is 0 or 
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1. When R 1 is C^_4 alkyl or C]__4 alkoxy it is 
preferably methyl or methoxy, respectively. 

Substituent (R-Mm preferably represents 6-fluoro, 
5 7-fluoro, 6 , 7-dif luoro, or 6-f luoro-7 -methyl . 

Preferred compounds are those of the following 
formula (II) : 



F 



10 




and preferred sub-groups exhibit one or more of the 
following features : 



15 (i) the fluorine substituent is in the 6- or 

7-position, and preferably in the 6-position 

(ii) the dotted line represents a double bond 

(iii) n is 2 and p is 1 
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(iv) R 2 and R^ are both hydrogen 

(v) q is 2 

(vi) R 4 is Ci_4 alkyl, especially isopropyl 

(vii) r is 0 or 1, and preferably 0 (unsubsti tuted) 

(viii) R 5 is C^_4 alkoxy, hydroxy, halo or amino (-NH2) 

A particularly preferred group of compounds is of the 
formula : 





10 



(III) 



in which R 4 is Ci_4 alkyl and especially_isppropyl , or a 
pharmaceutically acceptable salt thereof. 

15 As indicated above, it is, of course, possible to 

prepare salts of the compound of the invention and such 
salts are included in the invention. Acid addition 
salts are preferably the pharmaceutically acceptable, 
non- toxic addition salts with suitable acids, such as 

20 those with inorganic acids, for example hydrochloric, 
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hydrobromic, nitric, sulphuric or phosphoric acids, or 
with organic acids, such as organic carboxylic acids, 
for example, glycollic, maleic, hydroxymaleic , fumaric, 
malic, tartaric, citric, salicyclic, o-acetoxybenzoic , 
5 or organic sulphonic, 2 -hydroxy ethane sulphonic, 

toluene-p-sulphonic, or naphthalene-2 -sulphonic acid. 

In addition to the pharmaceutically acceptable salts, 
other salts are included in the invention. They may 
10 serve as intermediates in the purification of compounds 
. or in the preparation of other, for example 
pharmaceutically acceptable, acid addition salts, or are 
useful for identification, characterisation or 
purification. 

15 

It will be appreciated that when a phenyl substituent is 
acidic such as, for example, a carboxy group, the 
opportunity exists for esters. These can be aliphatic 
or aromatic, being preferably alkyl esters derived from 
20 Ci_4 alkanols, especially methyl and ethyl esters. An 

example of an ester substituent is -COOR' where R* is 
C]__4 alkyl. 

Some of the compounds of the invention contain one or 
2 5 more asymmetric carbon atoms which gives rise to 

isomers. These compounds are normally prepared as 
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5 



10 



racemic mixtures and can conveniently be used as such, 
but individual isomers can be isolated by conventional 
techniques, if so desired. Such racemic mixtures and 
individual optical isomers form part of the present 
invention. It is preferred to use an enantiomerically 
pure form. 

The invention also includes a process for producing a 
compound of formula (I) above, which comprises reacting 
a compound of the formula: 



m 




(CH 2 ) p 



(CH 2 ) n 



NH 



(IV) 



15 



with a compound of the formula: 
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X 



c 



\ 



R 3 



q 



(V) 



where the substituents have the values given above, and 
X is a leaving group such as, for example, a halo atom, 
5 or a mesylate or tosylate. 

The reaction is preferably carried out in a polar 
solvent such as, for example, acetonitrile or water, at 
a temperature of from 50 s C. to 150 s C, and in the 
10 presence of sodium iodide and a base such as, for 
example, sodium carbonate 

The coupling can also be effected by reacting the 
compound of formula (IV) with an aldehyde equivalent of 

15 the compound of formula (V) . Such aldehydes can be 
prepared from the appropriate terminal alkene by 
oxidation employing, for example, ozone or osmium 
tetroxide, followed by reductive amination using, for 
example, sodium cyanoborohydride , borane in pyridine or 

20 sodium triacetoxy borohydride, and the compound of 
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formula (IV) . This reaction is preferably carried out 
at a temperature of from -20 fi C. to 50 2 C, in a solvent 
such as, for example, dichloromethane . 

5 The intermediate compounds of formula (IV) are known in 
the art, and compounds of formula (V) can be prepared by 
preparative routes as follows. For example, compounds 
of formula (V) can be prepared by reacting the 
appropriate alkane derivative of formula: 



10 



X 




Y 



(VI) 



where X is a leaving group, and Y is halo, preferably 
bromo, with a compound of formula: 
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tit. 

(VII) 

Preferred alkane reactants are dihalo-alkanes , for 
instance bromo chloroethane, and the reaction is 
5 preferably carried out in an organic solvent such as, 

for example, dimethylf ormamide, with a strong base such 
as sodium hydride, at a temperature of from 0 2 C. to 
100 s C, for instance at room temperature. 



10 Compounds of formula (VII) above can be prepared, for 
example, as follows: 
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As mentioned above, the compounds of the invention and 
5 their pharmaceutically acceptable salts have useful 
central nervous system activity. The compounds are 
active at the serotonin, 5-HT2A, receptor. . Their 
binding activity has been demonstrated in a test 
described by Nelson, D. L. et al, J. Pharmacol. Exp. 

10 Ther., 265, 1272-1279, in which the affinity of the 

compound for the human 2A receptor is measured by its 
ability to displace the ligand [ 3 H] ketanserine. In 
this test, the compounds of the invention in the 
following Examples had a Ki of less than 15 nM. The 

15 compounds of the invention are also active serotonin 
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reuptake inhibitors as measured by their displacement of 
[3h] paroxetine at the reuptake site, Neuropharmacology 
Vol. 32 No. 8, 1993, pages 737-743. 

5 Because of their selective affinity for 5-HT receptors, 
the compounds of the present invention are indicated for 
use in treating a variety of conditions such as 
depression, obesity, bulimia, alcoholism, pain, 
hypertension, ageing, memory loss, sexual dysfunction, 
10 anxiety, schizophrenia, gastrointestinal disorders, 

headache, cardiovascular disorders, smoking cessation, 
drug addiction, emesis, Alzheimer's and sleep disorders. 

The compounds of the invention are effective over a wide 
15 dosage range, the actual dose administered being 

dependent on such factors as the particular compound 
being used, the condition being treated and the type and 
size of mammal being treated. However, the dosage 
required will normally fall within the range of 0.01 to 
2 0 2 0 mg/kg per day, for example in the treatment of adult 
humans, dosages of from 0.5 to 100 mg per day may be 
used. 

The compounds of the invention will normally be 
25 administered orally or by injection and, for this 

purpose, the compounds will usually be utilised in the 



WO 00/49017 PCT/GB00/00469 

- 13 - 

form of a pharmaceutical composition. Such compositions 
are prepared in a manner well known in the 
pharmaceutical art and comprise at least one active 
compound . 

5 

Accordingly the invention includes a pharmaceutical 
composition comprising as active ingredient a compound 
of formula (I) or a pharmaceutically acceptable salt or 
ester thereof, associated with a pharmaceutically 

10 acceptable excipient. In making the compositions of the 
invention, the active ingredient will usually be mixed 
with a carrier, or diluted by a carrier, or enclosed 
within a carrier which may be in the form of a capsule, 
sachet, paper or other container. The excipient may be 

15 a solid, semi-solid or liquid material which acts as a 
vehicle, excipient or medium for the active ingredient. 
Some examples of suitable excipients are lactose, 
dextrose, sucrose, sorbitol, mannitol, starches, gum 
acacia, calcium phosphate, alginates, tragacanth, 

20 gelatin syrup, methyl cellulose, methyl- and propyl- 

hydroxybenzoate, talc, magnesium stearate or oil. The 
compositions of the invention may, if desired, be 
formulated so as to provide quick, sustained or delayed 
release of the active ingredient after administration to 

25 the patient. 
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Depending on the route of administration, the foregoing 
compositions may be formulated as tablets, capsules or 
suspensions for oral use and injection solutions or 
suspensions for parenteral use or as suppositories. 
5 Preferably the compositions are formulated in a dosage 
unit form, each dosage containing from 0.5 to 100 mg, 
more usually 1 to 100 mg, of the active ingredient. 

The following Preparations and Examples illustrate 
10 routes to the synthesis of the compounds of the 
invention . 

PREPARATION 1 

15 6-Fluoroindole 

l-Dimethylamino-2- ( 4-f luoro-2-nitro) phenyl ethene 
A mixture of 4-f luoro-2 -nitrotoluene (50 g, 
0.32 mol) , dimethylf ormamide dimethylacetal 



(76.77 g) and dimethylf ormamide (910 ml) were 



20 



heated under reflux under nitrogen with stirring 



for 7 hours, cooled, allowed to stand for 16 hours, 



poured into ice-water (2000 ml) , stirred for 



15 minutes and the resultant precipitate isolated 



by filtration, washed with water (500 ml), dried to 



25 



give a red solid. 
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6-Fluoroindole 

A 40 litre Cook hydrogenator was charged under a 
nitrogen atmosphere with 10% palladium on charcoal 
5 (9 g) suspended in toluene (400 ml) . To this 

suspension was added l-dimethylamino-2- (4-f luoro-2- 
nitro) phenylethene (137.2 g, 0.653 mol) in toluene 
(1400 ml) and the mixture hydrogenated at 80 psi 
for 3.5 hours. The suspension was then filtered 

10 through a celite pad, which was washed through with 

toluene (2 x 2 00 ml) and the filtrate and washings 
evaporated under reduced pressure to give a brown 
oil which crystallised on standing to a yellow 
brown solid 93.65 g. This solid was dissolved in 

15 ethyl acetate-hexane (7:3) and filtered through a 

pad of flash silica. The required fractions were 
collected and evaporated under reduced pressure to 
give a pale brown solid. 

20 PREPARATION 2 

4- ( 6-Fluoroindol-3-yl ) -1 , 2 , 5 , 6- tetrahydropyridine 



25 



Powdered potassium hydroxide (144.4 g) was added 
carefully to a mechanically stirred mixture of 
6-f luoroindole (49.23 g, 0.364 mol) and 
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4-piperidone monohydrate (111.93 g, 0.728 mol) in 
methanol (1500 ml) . The mixture was then heated 
under reflux under nitrogen for 18 hours and then 
more potassium hydroxide (40 g) was added and the 
5 reaction mixture heated under reflux for a further 

4 hours. The reaction mixture was allowed to cool 
to room temperature and poured onto ice-water 
(3 000 ml) and stirred for 1 hour and the 
precipitated solid isolated by filtration and dried 
10 at 50 2 C. in vacuo to give a solid. 



EXAMPLE 1 

15 l-{2- [4- (6-fluoroindol-3-yl) -1,2, 5, 6- tetrahydro-1- 
pyridyl] -1-ethyl } -3-methyl-l , 3-dihydro-2, 1, 3- 
benzothiadiazole-2 , 2-dioxide 

To a 2 50 ml 3 -necked round bottom flask equipped with 
20 reflux condenser, thermometer, magnetic stirrer bar and 
nitrogen bubbler was charged with sulphamide (9.61 g; 
0.1 mol) and pyridine (100 ml) and the stirred solution 
heated to reflux under nitrogen. N-methyl-1 , 2-phenylene 
diamine (12.2 g, 0.1 mol) in dry pyridine (3 0 ml) was 
25 added dropwise to the solution whilst maintaining 

reflux. After 5 hours, the reaction mixture allowed to 
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cool and the pyridine removed under reduced pressure. 
The residue was dissolved in 5N hydrochloric acid 
(100 ml) and ethyl acetate (100 ml) and the acidic layer 
was extracted with further ethyl acetate (5 x 100 ml) . 
5 The combined organic layer was washed with 5N 

hydrochloric acid (2 x 100 ml) , extracted with 2N sodium 
hydroxide solution (3 x 100 ml) and the combined aqueous 
layer washed with diethyl ether (2 x 150 ml) . Ice was 
then added followed by the addition of 5N" hydrochloric 

10 acid with cooling and stirring of the suspension to 

pH 1. The oily suspension was stirred for several hours 
at room temperature when a colourless solid separated. 
The solid was filtered and dried at room temperature 
under vacuum to leave a light pink solid, 1 , 3-dihydro-l- 

15 methyl-2 , 1 , 3-benzothiadiazole-2 , 2-dioxide, which was 
used directly in the next step. 

1, 3-dihydro-l-methyl-2 , 1 , 3-benzothiadiazole-2 , 2-dioxide 
(1.36 g, 7.4 mmol) was dissolved in DMF (40 ml) and then 

20 treated with sodium hydride (0.33 g, 60% oil dispersion, 
8.2 mmol, 1.1 equivalent). The mixture was stirred at 
room temperature and under nitrogen for 45 minutes. 
l-Bromo-2-chloroethane (0.74 ml, 1.27 g, 8.9 mmol, 1.2 
equivalent) was added in one portion to the stirred 

2 5 mixture, and stirred overnight at room temperature. The 
solvent was removed in vacuo and the residue suspended 
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in water and extracted into ethyl acetate (3 x 40 ml) . 
The bulk extracts were washed with water (3 x 5 0 ml) and 
brine, then dried over anhydrous magnesium sulfate. 
Filtration was followed by evaporation to dryness 
5 in vacuo and the residue chroma tographed on silica using 
dichloromethane as eluent , This gave a white solid 
[1- (2-chloroethyl) -1 , 3-dihydro-3-methyl-lH-2 , 1, 3- 
benzothiadiazole-2 , 2-dioxide] . 

10 A mixture of 4- ( 6- f luoroindol-3 -yl ) -1 , 2 , 5 , 6- 

tetrahydropyridine (0.87 g, 4.0 mmol, 1.05 equivalent), 
1- (2-chloroethyl) -1, 3-dihydro-3-methyl-lH-2, 1, 3- 
benzothiadiazole~2 , 2-dioxide (1.1 g, 4.46 mmol), 
anhydrous sodium carbonate (2.34 g, 22.3 mmol, 5 

15 equivalents), sodium iodide (0.67 g; 4.46 mmol) and 

de-ionised water (20 ml) was rapidly stirred and warmed 
under reflux for 2 0 hours. After cooling to room 
temperature, the mixture was extracted with chloroform 
(3 x 30 ml) . The bulked extracts were washed with water 

20 and then dried over magnesium sulfate. Filtration was 
followed by evaporation to dryness in vacuo to yield an 
orange solid. This material was purified further by 
chromatography on silica using dichloromethane initially 
followed by ethyl acetate to give the final product as 

2 5 an orange solid which was triturated with a mixture of 
diethyl ether and ethyl acetate. This gave a yellow 
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solid after filtration, 1- {2- [4- (6-f luoroindol-3-yl) - 
1,2,5, 6-tetrahydro-l-pyridyl] -1-ethyl } -3 -methyl -1 , 3- 
dihydro~2 , 1, 3 -benzothiadiazole-2 , 2-dioxide. 

5 The compound was converted into its hydrochloride salt 
using ethereal HC1 in ethanol with M.P. 246-8 a C. 



The following Examples illustrate typical formulations 
10 containing the compound of the invention. 



EXAMPLE 2 



Tablets each containing 10 mg of active ingredient are 
15 made up as follows: 



Active ingredient 


10 


mg 


Starch 


160 


mg 


Microcrystalline cellulose 


100 


mg 


Polyvinylpyrrolidone (as 10% 


solution in water) 13 


mg 


Sodium carboxymethyl starch 


14 


mg 


Magnesium stearate 


3 


mg 


Total 


300 


mg 



25 
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The active ingredient, starch and cellulose are mixed 
thoroughly. The solution of polyvinylpyrrolidone is 
mixed with the resultant powders and passed through a 
sieve. The granules so produced are dried and re-passed 
5 through a sieve. The sodium carboxymethyl starch and 

magnesium stearate are then added to the granules which, 
after mixing, are compressed on a tablet machine to 
yield tablets each weighing 300 mg . 

10 EXAMPLE 3 

Capsules each containing 2 0 mg of medicament are made as 
follows : 

15 Active ingredient 2 0 mg 



Dried starch 



17 8 mg 



Magnesium stearate 



2 mg 



Total 



200 mg 



20 



The active ingredient, starch and magnesium stearate are 
passed through a sieve and filled into hard gelatine 
capsules in 200 mg quantities. 
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CLAIMS 



A compound of the following formula: 




in which m is 0, 1 or 2 , n is 1 or 2, p is 1 or 2, 



q is 1 to 6, r is 0 or 1 to 3, 



R 1 is halo, Ci_4 alkyl, nitrile, trif luoromethyl or 
c l-4 cilkoxy, 

R2 and r3 are each hydrogen or C^_4 alkyl, 

R 4 is hydrogen, Ci_4 alkyl, optionally substituted 
phenyl or optionally substituted phenyl-Ci_4 alkyl, 
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R 5 is Ci_4 alkyl, Ci_4 alkoxy, carboxy, hydroxy, 
cyano , halo, trif luoromethyl , nitro or amino, and 

the dotted line represents an optional double bond; 



and salts and esters thereof. 




in which n is 1 or 2, p is 1 or 2, 



q is 1 to 6, r is 0 or 1 to 3, 



R 2 and R 3 are each hydrogen or C;j__4 alkyl, 

R4 is hydrogen, Ci_4 alkyl, optionally substituted 
phenyl or optionally substituted phenyl-Ci_4 alkyl, 
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R5 is C^_4 alkyl, Ci_4 alkoxy, carboxy, hydroxy, 
cyano, halo, trif luoromethyl , nitro or amino, 

the dotted line represents an optional bond, and 

the fluorine atom is attached at the 6 or 
7-position; 

or a salt or ester thereof. 

A compound according to Claim 2, in which the 
dotted line represents a double bond, n is 2 and p 
is 1, R2 and are both hydrogen, q is 2, R4 is 
c l-4 alkyl, and r is 0 or 1. 

A compound according to Claim 2 of — the formula: 




in which R 4 is Ci_4 alkyl . 
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A pharmaceutical formulation comprising a compound 
as defined in any of Claims 2 to 4, or a 
pharmaceutical!;/ acceptable salt or ester thereof, 
together with a pharmaceutically acceptable diluent 
or carrier therefor. 

A compound according to Claim 1, or a 
pharmaceutically acceptable salt or ester thereof, 
for use as a pharmaceutical . 

Use of a compound according to any of Claims 1 to 
4, or a pharmaceutically acceptable salt or ester 
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in the treatment of a disorder of the central 
nervous system. 
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